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INTRODUCTION  Epidemiological  evidence  that  individuals 

with  marked  depression  and  anxiety  are  more 
During  the  past  two  decades,  it  has  been  prone  to  certain  turnon  has  been  offered  on 
shown  that  the  immune  system  can  be  mod-  several  occasions  in  recent  years  (Stavraki  et 
ulated  not  only  by  “classical’'  means  (Jeme,  al.,  1968;  Crisp,  1970;  Grissom  et  al.,  197S; 
1955;  1974;  Benacerraf  and  McDevitt,  1972;  Solomon,  1981;  Solomon  and  Amkraut,  1981). 
GeTShon,  1974;  McDevitt,  1980)  but  also  by  Several  lines  of  laboratory  evidence  suggest 
mechanisms  controlled  by  the  central  nervous  an  influence  of  the  CNS  on  tumor  growth.  For 
system  (CNS)  (Solomon,  1969  a,b;  Besedov-  example,  pinealectomy  in  rodents  is  followed 
sky  and  Sorkin,  1977).  For  example,  both  by  an  increase  in  weight  of  transplantable  tu- 
psychosocial  and  environmental  stressors  have  mors  (Kaiknbach  and  Malz,  1957;  Barone 
been  shown  to  affect  the  humoral  and  cellular  and  Das  Gupta,  1970),  a  rise  in  mitotic  index 
components  of  immunity  in  laboratory  ani-  (Bindoni,  1971),  and  an  increased  spread  (Ro- 
mals  and  man  (Ader,  1981;  Tecoma  and  Huey,  din,  1963;  Das  Gupta  and  Ten,  1967;  Sta- 
1985;  Arora  et  al. ,  1987).  Depressed  immune  vTalri  et  al. ,  1968;  Baron  and  Das  Gupta,  1970). 
responsiveness  in  patients  with  cerebral  tu-  Chemical  sympathectomy  renders  rats  highly 
mors  (Brooks  et  al. ,  1972),  Huntington's  dis-  receptive  to  chemically  induced  experimental 
ease  (Morrell,  1979),  or  Guamanian- Parkin-  tumors  (Stein- Werbeowsky,  1974).  The  in- 
sonism-dementia  complex  (Hoffman  et  al.,  flue  nee  of  a  particular  region  of  the  CNS  on 
1978)  illustrate  that  diseases  of  the  CNS  are  the  growth  of  some  transplantable  tumors  has 
associated  with  changes  in  immune  compe-  also  been  investigated.  Bindoni  et  al  (1980a.b) 
tence.  In  addition,  individuals  with  psychosis  noted  increased  tumor  growth  and  higher  mi- 
( Kovaleva  et  al.,  1977),  bereavement  and\^  totic  index  in  rats  or  mice  following  destruc- 
depression  (Bartrop  et  al.,  1977),  and  emo-lvT tion  of  the  tuberoinfundibular  region  of  the 
tional  stress  also  exhibit  impaired  immune  hypothalamus.  Survival  time,  too,  was  shorter 
reactivity<(Solomon,  1969a, ^.'Investigations  Vin  the  lesioned  animals  than  in  the  untreated 
of  experimental  animals  subjected  to  stress  by  \  controls  or  in  animals  with  lesions  in  other 
overcrowding  or  avoidance  conditioning  have  \«*ebraJ  areas  (Bindoni  et  al.,  1980a,  b). 
shown  impaired  immune  responsiveness,  ^Natural  killer  (NK)  cells,  in  addition  to  being 
(Rassmussen  et  al.,  1959;  Solomon,  1969a, b),  important  in  the  defense  against  viral  dis- 
decreased  resistance  to  viral  infections  (Rass-  eases,  are  suggested  to  play  a  key  role  in 
mussen,  1969).  and  an  increased  incidence  of  immune  surveillance  against  neoplastic  growth, 
neoplasia  (Riley  et  al.,  1981),  suggesting  a  (Herberman  and  Ortaldo,  1981;  Kiessling  and 
link  between  behavior  and  disease  suscepti-  Wigzell  1979;  Welsh,  1987).  This  population 
bility.  of  large  granular  lymphocytes  (LGL)  is  cy- 


totoxic  for  a  variety  of  cells,  including  virally 
transformed  (Williams  et  al..  1977),  lym¬ 
phoma  (Nunn  et  al. .  1976),  and  those  derived 
from  solid  tumors  (Brooks  et  al..  1980).  Un¬ 
like  other  immune  components  (e.g..  cyto¬ 
toxic  T  lymphocytes  (CTL|  [Borberg  et  al.. 
1972:  Smith  et  al..  19771,  lymphokine-acti- 
vated  killer  (LAKJ  cells  (Yron  et  al..  19801. 
or  tumor-intiltrating  lymphocytes  (TILs]  [Ro¬ 
senberg  et  al..  19861  known  to  be  important 
in  tumor  control.  NK  cells  lyse  tumor  and 
other  target  ceils  "nonspecifically,"  i.e..  with¬ 
out  any  prior  stimulation  wuh  a  specific  an¬ 
tigen  (Nunn  et  al.,  1977). 

There  have  been  several  reports  implicating 
the  CNS  in  modulation  of  NK  cell  activity. 
For  example,  suppression  of  NK  cell  activity 
can  be  produced  by  foot-shock  and  tail-shock, 
and  this  effect  can  be  antagonized  by  naltrex¬ 
one  (Shavitetal..  1984).  Moreover,  both  cen¬ 
tral  and  parenteral  administration  of  morphine 
reduces  NK  cytotoxicity  (Shavit  et  al. ,  1986). 
These  results  suggest  that  NK  cell  activity  is 
modulated  in  pan  by  the  endogenous  opioid 
system.  Neuropeptides  such  as  0-endorphin 
or  met-enkephalin  enhance  NK  cell  activity 
in  vitro  by  activating  pre-NK  cells  and  in¬ 
creasing  their  recycling  capacity  (Mathews  et 
al.,  1983a,b).  Conicotrophin-releasing  factor 
(CRF)  released  following  stressful  stimuli 
(Britton  et  al.,  1984)  has  also  been  shown  to 
modulate  NK  ceil  activity.  Irwin  et  al. 
( 1987a,b)  reported  that  the  CRF  administered 
intraventricularly  produced  a  dose-dependent 
suppression  of  rat  splenic  NK  cell  activity. 
Neither  systemic  CRF  nor  CRF  in  vitro  sig¬ 
nificantly  altered  NK  cell  activity.  The  im¬ 
munosuppressive  effect  of  central  CRF  was 
antagonized  by  central,  but  not  by  systemic, 
preadministration  of  a  CRF  antagonist,  ot-hel- 
ical  oCRF  (residues  9-41).  Irwin  et  al.  sug¬ 
gested  that  CRF  released  in  the  brain  may 
have  a  role  in  the  central  modulation  of  NK 
cytotoxicity. 

There  are  other  lines  ofevider.ee  suggesting 
that  the  CNS  can  regulate  NK  cell  activity. 
Renoux  et  al.  ( 1982)  reported  that  removal  of 
the  left  cerebral  cortex  of  mice  causes  a  severe 
depression  in  NK  cell  activity.  In  contrast. 


removal  of  the  right  cerebral  cortex  had  no 
significant  effect.  Our  laboratory  has  recently 
examined  the  relationship  between  laterali¬ 
zation  of  the  CNS  and  immune  functions.  We 
have  observed  that  mice  of  the  Ttronglv  la- 
teraiized  line  have  lower  NK  cell  activity  than 
mice  of  either  the  weakly  lateralized  line  or 
of  the  heterogeneous  line  (Fride  et  al..  1988). 
Saxena  et  al.  (1982)  have  shown  that  hvpo- 
physectomy  of  newborn  mice  is  followed  by 
profound  depression  of  NK  cell  activity .  prob¬ 
ably  attributable  to  absence  of  growth  hor¬ 
mone  production,  since  NK  cell  activity  was 
restored  when  the  growth  hormone  was  ad¬ 
ministered.  Rapid  restoration  of  NK  cell  ac¬ 
tivity  with  lymphokines  such  as  interferon 
(IFN)  or  interteukin-2  (DL-2)  in  vitro  or  po- 
lyinosink-poiycytidylic  acid  (Polylfl:  Poly  [C]) 
in  vivo  in  mice  with  a  hypothalamic  lesion 
indicates  that  the  hypothalamus  exerts  its  in¬ 
fluence  not  at  an  early  stage  of  differentiation, 
but  rather  when  pre-NK  cells  (agranular  LGL) 
are  converted  into  active  NK  cells  (LGL). 
This  critical  step  has  been  reported  as  being 
mediated  by  IFN  (Minato  et  al.,  1980;  Itoh 
et  al. ,  1982).  These  findings  immediately  sug¬ 
gest  that  the  hypothalamus  controls  NK  cell 
activity  by  regulating  the  release  of  factors 
required  for  LGL  maturation  (Fomi  et  al., 
1984). 

MODULATION  OF  NK  CELL 

ACTIVITY  THROUGH  THE 
BENZODIAZEPINE/GABA  RECEPTOR 

CHLORIDE  IONOPHORE  COMPLEX 

(SUPRAMOLECULAR  COMPLEX)  IN 
THE  CNS 

In  Oqr  laboratory  there  has  been  a  long- 
standing  interest  in  the  neurochemical  bases 
of  anxiety  Mailman  et  al.,  1980;  Skolnick  and 
Paul,  1983)r^haiTnacologicaL  biochemical, 
and  behavioral  evidence  has  suggested  that 
the  bcnzodiazepine/GABA  receptor  chloride 
ionophore  complex  C'supramolecular  com¬ 
plex")  mediates  the  antianxiety  effects  of  ben¬ 
zodiazepines,  barbiturates,  and  other  phar¬ 
macologically  important  agents,] Usdon  et  al. , 
1982).  More  recently,  several  lines  of  evi- 
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"oence  suggested  that  the  suprarablecular  com¬ 
plex  is  involved  in  the  physiological  control 
of  stress  and  anxiety.)  Ninanetal..  1982;  Hav- 

oundjian  et  al..  1987).  Since  the  role  of  the 
'supramolecular  complex’*  in  the  neural  mod¬ 
ulation  of  immtrtmy  had  not  been  investi¬ 
gated.  we  recently  initiated  such  studies.  Thus, 
-i*we  recently  found  that  the  admintstrarion  of 
the  benzodiazepine  receptor  (ftzR)  “inverse 
agonists'*  FG  7142  (N'-methyi-(3*carboli8e-3- 
carboxamide)  and  DMCM  f  3-carbomethoxy- 
4-ethyl-6.7-dimethoxy-^carboline)  pro¬ 
duced  a  profound  suppression  of  T^jell  futvc- 
tions  in  mice.(  Arora  et  al..  1987).  Since  fs} 
carbolines  like  FG  7142  have  been  demon¬ 
strated  to  produce  a  BzR-mediated  behav¬ 
ioral,  somatic,  and  endocrine  syndrome  rem¬ 
iniscent  of  stress  or  anxiety  in  rodents  and 
primates,  including  man^Ninan  et  al..  1982; 
Dorow  et  al.,  1983;  Insel  et  al.,  1984)Msur 
findings  (AriSra  et  al.,  1987)  suggested  that 
the  benzodiazepine  receptors  in  the  CNS  and 
the  pathways  subserved  by  these  receptors  may 
be  important  in  the  neural  control  of  immu- 
njS^ 

>ln  the  present  study,  we  investigated  whether 
the  supramolecular  complex  also  modulates 
NK  cell  activity,  Male  B 10.  BR  mice  (Jackson 
Laboratories,  Bar  Harbor,  ME)  were  injected 
with  FG  7142  (3-50  mg/kg)  or  an  equal  vol¬ 
ume  of  vehicle.  Spleens  were  removed  2  and 
24  hr  later  and  NK  cell  activity  measured  us¬ 
ing  chromium-51  (3,Cr)  release  assay  as  de¬ 
scribed  (Arora  and  Shearer,  1981;  Petitto  et 
al.,  1988).  A  dose-dependent  suppression  of 
NK  cell  activity  was  observed  both  at  2  hr 
(Fig.  1A)  and  24  hr  (Fig.  IB)  after  admin¬ 
istration  of  FG  7142.  A  similar  dose-depen¬ 
dent  suppression  of  NK  cell  activity  was  ob¬ 
served,  at  other  effector.target  (E:T)  cell  ratios 
(100:1  and  25:1;  data  not  shown).  The  doses 
of  FG  7142  needed  to  suppress  NK  cell  ac¬ 
tivity  (Petitto  et  al.,  1988)  were  consistent 
with  those  that  produce  both  behavioral  and 
endocrine  changes  in  rodents  reminiscent  of 
stress  or  anxiety  (File  and  Fellow,  1985;  Ste¬ 
phens  and  Kehr,  1983)  and  those  that  sup¬ 
pressed  T-cell  functions  (Arora  et  al.,  1987). 
Pretreatment  of  mice  with  the  specific,  high- 


FG  7142  (mg/kg  body  *t) 


Fig.  I.  Inhibition  of  NK  ceil  activity  by  FG  7142: 
dose-response  relationship.  Male  B10.BR  mice  were 
injected  with  FG  7142  (3-50  mgjkg)  or  an  equal 
volume  of  vehicle.  Spleens  were  removed  2  hr  (A} 
or  24  hr  (B)  later  and  NK  cell  activity  measured  on 
” Cr-labeted  YAC-I  target  cells  as  previously  de¬ 
scribed  (Arora  and  Shearer  1981;  Petitto  etal..  1988). 
Values  represent  the  mean  percentage  of  suppres¬ 
sion  ±  S.E.M  of  10  mice  at  an  E:T  ratio  of  50:1. 
Similar  dose-respor  •  t.ionships  were  observed  at 
the  other  E:T  ratios  u  r'0:I  and  25:1 ).  Analysis 

of  variance  followed  Wisher's  Protected  Least 
Significant  Difference  Ttsi  indicated  that  the  25  and 
50  mgikg  groups  were  significantly  different  from  the 
vehicle  treated  group  l‘P  <  0.01). 

affinity  BzR  antagonist  Ro  15-1788  (10  mg/kg) 
15  min  prior  to  administration  of  FG  7142  (25 
mg/kg)  resulted  in  a  significant  reduction  of 
this  suppression  (Fig.  2).  In  this  series  of  ex¬ 
periments,  FG  7142  suppressed  NK  cell  ac¬ 
tivity  by  35.6%  (compared  with  vehicle-treated 
animals),  which  was  reduced  to  16.6%  in  mice 
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F!f.  2.  Ro  15-1788  blocks  FG  7142-induced  suppression  of  NK  cell  activity.  Male  BIO.BR  mice  were 
pretreated  with  either  Ro  15-1788  <10  mg/ kg)  or  an  equal  volume  of  vehicle  15  min  prior  to  treatment  with 
either  FG  7142  <25  mglkg)  or  vehicle.  Spleens  were  removed  2  hr  later  and  NK  cell  activity  determined  as 
previously  described  lArora  and  Shearer.  1981 ;  Petitto  et  al..  1988).  Values  are  expressed  as  the  percentage 
of  NK  cytotoxicity  found  in  vehicle-treated  mice.  Values  represent  mean  ±  SEM.  of  eight  mice  at  an  E:T 
ratio  of  50:1.  V.  vehicle:  RO.  Ro  15-1788:  FG.  FG  7142. 

pretreated  with  Ro  15-1788  (Fig.  2).  Ro  15-  to  block  the  effects  of  both  BzR  agonists  (i.e. . 
1788  did  not  reduce  NK  cell  activity  when  substances  with  benzodiazepine-like  quali- 
administered  alone  (Fig.  2).  ties)  and  inverse  agonists  (Skolnick  and  Paul, 

Several  observations  in  this  study  suggest  1983).  These  findings  suggest  that  the  BzR 
that  the  suppression  of  NK  cell  activity  by  FG  inverse  agonists  may  be  useful  tools  to  study 
7142  is  mediated  via  occupation  of  BzR  in  neural-immune  interactions  and  support  the 
the  CNS.  Direct  addition  of  FG  7142  (1-10  hypothesis  (Arora  et  al.,  1987)  that  the  path- 
p.M)  to  the  }lCr  release  assays  during  a  4-hr  ways  subserved  by  the  supramolecular  com- 
incubation  period  had  no  effect  on  NK  cell  plex  may  play  an  important  role  in  the  neural 
activity  (data  not  shown).  Furthermore,  nei-  modulation  of  immunity, 
ther  Ro  15-1788  nor  inverse  agonist  FG  7142  Recent  studies  have  demonstrated  that  the 
bind  with  high  affinity  to  peripheral  benzo-  Long-Sleep  (LS)  and  Short-Sleep  (SS)  mouse 
diazepine  receptors  (pBzR)  (Marangos  et  al.,  lines,  bidirectionally  selected  for  their  hyp- 
1982;  Schoemaker  et  al.,  1983)  that  are  pre-  node  sensitivities  to  a  single  dose  of  ethanol, 
sent  on  cells  of  the  immune  system  (Zavala  are  also  differentially  sensitive  to  other  de- 
et  al.,  1985;  Ruff  et  al.,  1985;  Moingeon  et  pressants  such  as  barbiturates  (McIntyre  and 
al. ,  1985;  Zavala  and  Lenfant,  1987).  Finally,  Alpem,  1985,  1986;  Marley  et  al. ,  1986)  and 
the  antagonism  of  FG  7142-induced  suppres-  benzodiazepines  (McIntyre  and  Alpem,  1986), 
sion  of  NK  cell  activity  by  Ro  15-1788  is  as  well  as  convulsants  such  as  3-carbo- 
consistent  with  the  ability  of  this  compound  methoxy-fj-carboline,  picrotoxin,  and  bicu- 
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culline  (Phillips  and  Dudek,  1983:  McIntyre 
and  Alpern,  1986).  Thus,  LS  and  SS  mouse 
lines  represent  a  unique  genetic  model  that 
can  be  utilized  to  assess  the  role  of  the  su- 
pramolecular  complex  in  the  neural  modula¬ 
tion  of  immune  functions.  Since  the  well-de¬ 
scribed  difference  in  drug  sensitivities  of  these 
lines  is  mediated  through  inherent  differences 
in  biochemical  and  biophysical  properties  of 
the  supramolecular  complex  (Marley  and 
Wehner,  1986;  McIntyre  et  al.,  1988),  the 
assessment  of  NK  cell  function  could  be  ac¬ 
complished  without  confounding  pharma¬ 
cological  intervention.  Spleen  cells  from  male 
LS  and  SS  mice  (Institute  for  Behavioral  Ge¬ 
netics,  University  of  Colorado,  Boulder.  CO), 
were  tested  for  NK  cell  activity  by  using  a 
3lCr  release  assay  as  previously  described 
(Aron  and  Shearer.  1981;Petittoetal.,  1988). 
NK  cytotoxic  activity  ranged  from  6.0  to  16.9% 
in  the  LS  mice  and  from  3.6  to  7.0%  in  SS 
mice,  respectively  (Fig.  3).  The  NK  cell  ac¬ 
tivity  of  the  LS  line  was  higher  than  in  the 
SS  line  at  each  E:T  ratio  tested,  with  differ¬ 
ences  ranging  from  67  to  142%.  (Significant 
differences  in  the  total  numbers  of  cells  per 
spleen  were  also  observed  between  these  lines. 
The  number  of  viable  cells  per  spleen  was 
68%  higher  in  the  LS  line  (178.8  ±  IS. 3  x 
106)  than  in  the  SS  line  (106.3  ±  6.5  x  106] 
[P  <  0.001,  Student’s  t  test].)  Since  NK  cell 
activity  is  assayed  with  equal  numbers  of  ef¬ 
fector  spleen  cells  from  each  line,  the  greater 
number  of  splenic  leukocytes  in  LS  mice  thus 
greatly  enhanced  the  genetic  differences  in 
NK  cell  activity  between  LS  and  SS.  In  toto, 
these  observations,  in  conceit  with  the  find¬ 
ings  that  benzodiazepine  ligands  affect  im¬ 
mune  functions  (Arora  et  al.,  1987),  provide 
additional  support  for  the  hypothesis  that  the 
supramolecular  complex  (in  the  CNS)  regu¬ 
lates  NK  ceil  activity. 

INFLUENCE  OF  SEXUAL  BEHAVIOR 
ON  NK  CELL  ACTIVITY 

Sexually  active  individuals  have  been  re¬ 
ported  to  have  higher  risks  for  contracting 


diseases  such  as  hepatitis  B,  gonorrhea,  sy¬ 
philis,  and  acquired  immune  deficiency  syn¬ 
drome  (AIDS)  (Dietzman  et  al.,  1977;  Judson 
et  al.,  1980;  Ma  and  Armstrong,  1984).  We 
recently  observed  that  sexual  behavior,  rec¬ 
ognized  as  one  of  the  most  efficient  routes  of 
disease  transmission,  itself  is  immunosup¬ 
pressive  and  may  trigger  events  that  increase 
an  individual’s  vulnerability  to  infection  (Os- 
trowski  et  al.,  1989).  The  hypothesis  that  sex¬ 
ual  behavior  influences  NK  cell  function  was 
examined  in  male  Golden  hamsters  (Meso- 
cricetus  awratm).  Hamster  sexual  behavior  is 
well-described,  brief,  stereotypic,  and  readily 
measured  (Beach  and  Rabedeau,  1959).  Three 
groups  of  male  hamsters  were  tested:  mated, 
sham-mated,  and  virgin  males.  Mated  ani¬ 
mals  achieved  five  or  more  ejaculations  within 
45  min  in  at  least  four  of  five  weekly  (5-7 
day  interval)  mating  trials.  Introtnissive  and 
ejaculatory  behaviors  were  recorded  during 
each  mating  session  as  previously  described 
(Beach  and  Rabedeau,  1959;  Ostrowski  et  al., 
1989).  Virgin  males  were  treated  in  the  same 
manner  as  mated  animals  except  that  they  were 
placed  in  a  clean  mating  chamber  without  a 
female.  Sham-mated  males  were  exposed  to 
sexually  receptive  females  for  20  min  sessions 
and  permitted  to  investigate  and  mount  the 
females,  but  not  to  intromit  or  ejaculate  (Os¬ 
trowski  et  al.,  1989).  Splenic  NK  cell  activity 
was  measured  as  previously  described  (Arora 
and  Shearer,  1981;  Petitto  et  al.,  1989).  NK 
cell  activity  decreased  2  hr  after  both  a  single 
sexual  encounter  and  after  the  last  of  five 
weekly  mating  sessions,  but  not  16  hr  after 
mating  (Fig.  4).  Thus,  NK  cytotoxicity  was 
suppressed  equally  in  both  sexually  active 
males  and  in  males  copulating  for  the  first 
time.  Since  many  hormones  (pituitary,  adre¬ 
nal,  and  gonadal  hormones)  chat  surge  with 
sexual  behavior  (Kamel  et  al.,  1975)  have 
been  shown  to  influence  immune  functions 
(Hochman  and  Cudkowicz,  1979;  Targan, 
1981;  Kuribayashi  et  al. ,  1981;  Saxena  et  al. , 
1982;  Mathews  et  al.,  1983a,b;  Johnson  et 
al.,  1984),  current  research  efforts  in  our  lab¬ 
oratory  are  aimed  at  identifying  neural  and/or 
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Fig.  3.  Comparison  of  spier  '  K  cell  activity  in  the  Short-Sleep  and  Long-Sleep  mouse  lines.  NK  effector 
cell  activity  was  tested  as  pre.iously  described  (Arora  and  Shearer.  1981;  Petitto  et  at..  1988 )  using  YAC- 
l  tumor  target  cells  at  E:T  ratios  of  100:1.  50:1.  and  25:1.  Values  represent  the  mean  *  S.E.M.  of  eight 
animals.  The  NK  cell  activity  in  LS  mice  was  142,  122.  and  679b  greater  than  the  SS  at  E:T  ratios  of  100:1 . 
50:1.  and  25:1.  respectively. 


hormonal  factors  that  may  contribute  to  the 
copulation-linked  NK  suppression. 

EFFECT  OF  BEREAVEMENT  ON  NK 
CELL  ACTIVITY 

Recendy  considerable  interest  has  been  fo¬ 
cused  on  changes  in  immune  function  that  oc¬ 
cur  in  persons  undergoing  bereavement  follow¬ 
ing  the  death  of  a  spouse.  In  addition  to  other 
immune  functions  (Bartrop  etal.,  1977;  Schlei- 
fer  et  al.,  1983),  NK  cell  activity  during  be¬ 
reavement  has  also  been  evaluated  (Locke  et 
al.,  1983;  Irwin  etal.,  1986).  Irwin  etal.  (1987a) 
compared  NK  cell  activity  in  women  whose 
husbands  had  recently  died  with  that  found  in 
age-matched  women  who  had  not  experienced 
recent  adverse  life  events.  Bereaved  women  had 
significantly  lower  NK  cell  activity  than  women 
whose  husbands  were  healthy.  In  a  second  study, 


depressive  symptoms  and  NK  cell  activity  were 
measured  longitudinally  in  women  before  and 
after  the  death  of  their  husbands.  The  results 
suggested  that  depressive  symptoms,  and  not 
merely  the  death  of  the  spouse,  were  related  to 
a  reduction  in  NK  cell  activity  during  bereave¬ 
ment.  Other  investigators  have  also  found  a  re¬ 
lationship  between  the  severity  of  depressive 
symptoms  and  impaired  NK  cell  activity  (Locke 
et  al.,  1983;  Irwin  et  al.,  1986).  Longitudinal 
study  of  widows  utilizing  concurrent  measures 
of  physical  symptoms  and  immune  functions 
such  as  NK  cell  activity  will  help  to  ascertain 
the  potential  health  consequences  of  stress-re¬ 
lated  alterations  in  the  immune  system. 

CONCLUDING  REMARKS 

Although  the  studies  reported  here  clearly 
point  to  a  role  of  the  CNS  in  modulating  the 
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Flf.  4.  Splenic  NK  cell  activity  of  male  hamsters  2 
hr  after  either  a  single  mating  session  I A )  or  males 
mated  weekly  for  5  weeks  ( B ).  NK  cell  activity  was 
suppressed  in  mated  males  (O)  when  compared  with 
virgins  (O)  In  A,  F  =  5.51.  P  <  0.03:  in  B. 
F  ■  18.09.  P  <  0.002.  Values  represent  group 
means  -  S.E.M. 


activity  of  NK  cells,  the  underlying  mecha¬ 
nism^)  is  still  unclear.  There  is  much  evi¬ 
dence  to  suggest  that  many  endogenous  and 
external  factors,  as  well  as  regulatory  cells, 
affect  the  differentiation,  maintenance,  and 
function  of  NK  cells  (Herberman  and  Santoni , 
1984).  Among  the  activating  signals,  lym- 
phokines  such  as  IFN  and  IL-2  have  been 
found  to  play  a  major  role  affecting  the  lytic 
function  (Trinchieri  et  ai.,  1978)  as  well  as 
the  growth  and  differentation  of  NK  cells. 
Treatment  in  vitro  with  IFN  has  been  shown 


to  increase  the  kinetics  of  lysis  and  the  re¬ 
cycling  of  NK  cells  (Timonen  et  al..  1982). 
In  addition,  IL-2  has  been  found  to  sustain 
the  growth  of  NK  cells  (Dennert  et  al.,  1981; 
Brooks  et  al.,  1982)  and  to  augument  NK  cell 
activity  synergistically  with  IFN  t  Kunbayashi 
et  al.,  1981).  Cytokines  such  as  3-endorphin 
or  met-enkephalin  enhance  NK  cell  activity 
in  vitro  by  activating  pre-NK  cells  and  in¬ 
creasing  their  recycling  capacity  (Mathews  et 
al.,  1983a, b). 

In  contrast  to  the  positive  regulation  of  NK 
cell  activity,  three  kinds  of  mechanisms  may 
be  responsible  for  its  down-regulation;  I )  di¬ 
rect  inhibition  of  the  development  of  NK  cell 
lineage  or  NK  cell  function,  2)  inhibition  by 
suppressor  cells,  and  3)  inhibition  of  the  func¬ 
tion  of  accessory  cells.  Several  substances  such 
as  prostaglandins  (Brunda  et  ai.,  1980),  hor¬ 
mones  such  as  hydrocortisone  (Hochman  and 
Cudkowicz,  1979),  and  17-3-estradiol  (Sea¬ 
man  et  al.,  1978)  have  also  been  shown  to  be 
directly  or  indirectly  involved  in  down-reg¬ 
ulation  of  NK  cell  activity. 

While  the  mechanism  by  which  FG  7142 
suppressed  NK  cell  activity  is  unclear,  the 
neuroendocrine  changes  produced  by  BzR 
“inverse  agonists”  include  increased  plasma 
levels  of  catecholamines,  3-endorphin,  and 
glucocorticoids  (Crawley  et  al.,  1985;  File 
and  Pellow,  1985).  It  is  possible  that  one  or 
more  of  these  substances  may  contribute  to 
the  observed  immunosuppression.  Stress  has 
also  been  shown  to  reduce  INF  levels  (Glaser 
et  al.,  1986),  and  both  catecholamines  and 
glucocorticoids  can  decrease  IL-2  produc¬ 
tion  (Hirsch  et  al.,  1985).  It  is  possible  that 
the  stress- inducing  FG  7142  suppressed  NK 
cell  activity  by  affecting  the  levels  of  INF 
and/or  IL-2.  Additionally,  the  differential 
expression  of  both  NK  cell  activity  and  cell 
number  observed  in  the  LS  and  SS  mice 
maybe  due  to  regulation  of  NK  cell  activity 
by  cytokines  (catecholamines  and  glucocor¬ 
ticoids)  and/or  lymphokines  (IFN  and  IL-2). 
Further,  since  many  hormones  (pituitary, 
adrenal,  and  gonadal)  that  surge  with  sexual 
behavior  (Kamel  et  al.,  1975)  have  been 
shown  to  influence  immune  functions  Hoch- 
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man  and  Cudkowicz,  1979;  Targan,  1981; 
Kuribayashietal.,  1981;  Saxenaet  al.,  1982; 
Mathews  etal..  1983a.b;  Johnson  eta].,  1984), 
current  research  efforts  are  aimed  at  identi¬ 
fying  neural  and/or  hormonal  factors  that  may 
contribute  to  the  copulation-linked  NK 
suppression. 

Alternatively,  the  suppression  of  NK  cy¬ 
totoxicity  observed  in  our  studies  could  be 
attributed  to  immunologic  mechanisms  in¬ 
volving  selective  emigration  of  NK  cells  from 
the  spleen,  less  effective  target  cell  recog¬ 
nition.  diminished  rate  of  target  cell  killing, 
changes  in  the  number  of  NK  cells  or  their 
regulation  by  monocytes,  or  altered  cytotox¬ 
icity  of  other  immune  cells  including  T 
lymphocytes  and  mononuclear  phagocytes. 
T  lymphocytes  regulate  NK  cell  activity 
(Ricardi  et  al.,  1982).  A  subtle  change  in  T- 
lymphocyte  population,  not  yet  detectable  by 
proliferative  tests,  might  fully  account  for 
down-regulation  of  NK  cell  activity. 

As  we  have  seen,  NK  cell  function  is  ex¬ 
tremely  sensitive  to  many  endogenous  and  ex¬ 
ternal  factors.  Modifications  of  NK  cell  ac¬ 
tivity  may  be  only  a  sensitive  indicator  of  any 
perturbation  within  the  CNS.  The  establish¬ 
ment  of  a  causal  nexus  between  the  central 
nervous  system  and  natural  killer  cell  activity 
may  thus  become  substantial  in  our  under¬ 
standing  of  the  neural  modulation  of  natural 
killer  cell  activity. 


ACKNOWLEDGMENTS 

I  thank  Dr.  Phil  Skolnick  for  his  construc¬ 
tive  criticism  and  suggestions  regarding  this 
manuscript  and  my  collaborators,  Drs.  Ester 
Fride,  John  Fetitto,  Todd  McIntyre,  and  Nancy 
Ostrowski,  for  making  their  data  available  for 
this  review.  This  work  would  not  have  been 
completed  without  the  continued  support  of 
graduate  students  Douglas  Kress  and  Brad¬ 
ford  McRae.  Portions  of  this  work  were  sup¬ 
ported  by  grant  N00014-87-G-0178  from  the 
Office  of  Naval  Research,  Department  of  the 
Navy,  to  P.K.A. 


REFERENCES 

Ader  R:  led)  (1981)  "Psychoneuroimmunology. '  Or¬ 
lando.  FL;  Academic  Press. 

Aron  PK.  Hanna  EE.  Paul  SM.  Skolnick  P  ( 1 987): 
Suppression  of  the  immune  response  by  benzodiaze¬ 
pine  receptor  inverse  agonists.  J  Neuroimmunol  15  1  — 
9. 

Aron  PK.  Shearer  GM  (1981):  Non-MHC-linked  ge¬ 
netic  control  of  murine  cytotoxic  T-lymphocyte  re¬ 
sponses  to  hapten- modified  syngeneic  cells,  i  Im¬ 
munol  127:1822-1828. 

Barooe  RM,  Das  Gupta  TK  (1970):  Role  of  pmeaJcc- 
tomy  on  Walker  256  carcinoma  in  rats.  J  Surg  Oncol 
2:313-322. 

Bartrop  RW.  Lazarus  L.  Luckherst  E.  Kiloh  LG.  Penny 
R  (1977):  Depressed  lymphocyte  function  after  be¬ 
reavement.  Lancet  1:834-836. 

Beach  FA,  Rahedeaa  RG  ( 1959):  Sexual  exhaustion  and 
recovery  in  the  male  hamster.  J  Comp  Physiol  Psych 
52:56-61. 

Benacenaf  B,  McDtvitt  HO  ( 1972):  Histocompatibility- 
linked  immune  response  genes.  Science  175:273-279. 

Besedovsky  HO,  Serbia  E  ( 1977):  Network  of  immune- 
neuroendocrine  interactions.  Clin  Exp  Immunol  27:1— 
12. 

Bindoni  M  (1971):  Relationship  between  the  pineal  gland 
and  the  mitotic  activity  of  some  tissues.  Arch  Sci  Biol 
55:3-21. 

Bindoni  M.  BeUuardo  N.  Licciardello  S,  Marchese  AE. 
Cicirata  F  (1980a):  Cellular  multiplication  of  Yoshida 
ascitic  tumor  in  rat  after  dectrothennocoagulation  of 
the  tu  be  ro  infundibular  region  of  the  hypothalamus. 
Exp  Neurol  67:433-437. 

Bindoni  M.  BeUuardo  N.  Licciardello  S.  Marchese  AE, 
Cicirau  F  (1980b):  Growth  at  Yoshida  ascites  tumor 
in  rat  after  radiofrequency  destruction  of  the  tuber- 
infiindibuiar  region  of  the  hypothalamus.  Neuroen- 
docnnology  30:88-93. 

Bothers  H,  Oettgen  HF.  Choudry  K.  Beattie  El  (1972): 
Inhibition  of  established  transplants  of  cheraicaUy  in¬ 
duced  sarcomas  in  syngeneic  mice  by  lymphocytes 
from  immunized  donors.  Ini  J  Cancer  10:539-547. 

Britton  D,  Koob  G.  Rivier  J,  Vale  W  ( 1984):  Stress- 
induced  secretion  of  corticotropin  releasing  factor  im- 
munoreactivity  in  rat  cerebrospinal  fluid.  Soc  Neu- 
rosci  Abstr  10:94. 

Brooks  CG.  Flannery  GR.  Webb  PI.  Baldwin  RW  ( 1980): 
Quantitative  studies  of  natural  immunity  to  solid  tu¬ 
rnon  in  rats.  The  nature  of  the  killer  cell  depends  on 
the  type  of  assay.  Immunology  41:673-680. 

Brooks  CG.  Kuribayashi  K.  Sale  GE.  Henney  CS  ( 1982): 
Characterization  of  five  cloned  murine  cell  line  as 
showing  high  cytotoxic  activity  against  Yac-1  cells. 
I  Immunol  128:2326-2335. 

Brooks  WH,  Netsky  MG,  Normanscl!  DE.  Horowitz  DA 
(1972):  Depressed  cell  mediated  immunity  in  patients 
with  primary  intracranial  turnon.  1  Exp  Med  136:1631- 
1647. 


NcsrwBotfiilatJoa  at  NK  Ceils 


47 


Brunda  MJ.  Hetbetman  RB, .Holden  HT  (1980):  Inhi¬ 
bition  of  munoe  natural  killer  ceil  activity  by  proa- 
taglandiM.  i  Immunol  124:2682-2687. 

Crawley  J.  Ninaa  P.  Pickax  D.  Chorousos  G.  Linnoila 
M.  Skolnick  P.  Paul  S  (1985):  Neuropharmacologi- 
cal  antagonism  of  (3 -carboline- induced  "anxiety"  re¬ 
sponse  in  rhesus  monkeys.  J  Neuxosci  5:477- 
485. 

Crisp  AH  (1970):  Some  psychosomatic  aspects  of  neo¬ 
plasia.  Br  J  Med  Psychol  43:315-331. 

Das  Gupta  IK,  Terr  J  ( 1967):  Influence  of  pineal  gland 
on  the  growth  and  spread  of  melanoma  m  hamster. 
Cancer  Res  27.1306-1311. 

Dennett  G.  Yogeeswaran  G.  YamagataSl  1981):  Cloned 
cell  lines  with  natural  killer  acnvity:  Specificity .  func¬ 
tion.  and  cell  surface  markets.  J  Exp  Med  153:543- 
559. 

Dietzman  DE.  Hamisch  JP.  Ray  G.  Alexander  ER. 
Holmes  KK  (1977):  Hepatitis  B  surface  antigen 
(HBsAg)  and  anubody  to  HBsAg:  Prevalence  in  ho¬ 
mosexual  and  heterosexual  men.  JAMA  238:2625- 
2626. 

Dorow  R.  Horowski  R.  Paschelke  G.  Amin  M.  Braes- 
trup  C  (1983):  Severe  anxiety  induced  by  FG  7142. 
a  B-catboline  ligand  for  benzodiazepine  receptors. 
Lancet  ii:98-99. 

File  S.  Pellow  S  (1985):  The  effects  of  putative  anxi- 
ogenic  compounds.  FG  7142.  CGS  8216.  and  Ro  15- 
1788  on  the  rat  corticosterone  response.  Physiol  Be- 
hav  35:587-590. 

Fbtni  G.  Bindoni  M.  Santoni  A.  Giovarelli  M,  Man- 
tovani  A  (1984):  Physiological  and  pathological  in¬ 
fluences  of  central  nervous  system  oa  the  immune 
system:  A  critical  appraisal.  J.  Psychiatr  Res  18:491- 
499. 

Fride  E.  Collins  RL,  Aron  PK  (1988):  Different  im- 
munocompetence  and  "anxiety  level"  in  latenlized 
mice.  Soc  Neuroaci  Abstr  14:304. 

Geishon  RK  (1974):  T-cell  control  of  antibody  produc¬ 
tion.  Contemp  Top  Iramunobiol  3:1-25. 

Glaser  R.  Rice  J.  Speicher  CE.  Stout  JC,  Kiecoh-Glaacr 
JK  (1986):  Stress  depresses  interferon  production  and 
natural  killer  cell  activity  in  humane.  Behav  Neurosci 
100:675-678. 

Grissom  JJ.  Weiner  BJ.  Weiner  EA  (1975):  Psycholog¬ 
ical  correlates  of  cancer,  i  Consul  Clin  Psychol  43:1 13- 
114. 

Havoundjian  H.  Truiiss  R,  Paul  S.  Skolnick  P  (1986): 
A  physiological  role  of  the  benzodiazepine  receptor 
complex.  In  Ehrlich  Y,  Kornecki  E,  Berry  W,  Lenox 
R  (eds):  "Molecular  Mechanisms  of  Neuronal  Re¬ 
sponsiveness."  New  York:  Plenum  Press,  pp  439- 
475. 

Herbermsn  RB.  Ortaldo  JR  (1981):  Natural  killer  cells: 
Their  role  in  defenses  against  disease.  Science  214:24- 
30. 

Herbermsn  RB,  Santoni  A  (1984):  Regulation  of  nat¬ 
ural  killer  cell  activity.  In  Mihich  E.  (ed):  "Biolog¬ 


ical  Responses  in  Cancer  Progress  Toward  Poten¬ 
tial  Applications,"  Vo!  2.  New  York:  Plenum,  pp  121- 
144. 

Hirsch  JD,  Mullen  CA.  Beer  B  (1983):  Modulation  of 
murine  tnterieukin  production  and  cellular  .mmuno- 
reactivity  by  the  autonomic  nervous  system  In  Kiuger 
MJ,  Oppenheim  JJ.  Powanda  MC  (eds):  The  Phys¬ 
iologic.  Metabolic,  and  Immunologic  Actions  of  In- 
terleukin-l."  New  York:  Alan  R.  Liss.  Inc  .  pp  151- 
160. 

Hochman  PS,  Cudkowicz  G  ( 1979):  Suppression  of  nat¬ 
ural  cytotoxicity  by  spleen  cells  of  hydrocortisone- 
treated  mace.  J  Immunol  123:968-972. 

Hoffman  PM.  Robbms  DS.  Nolle  MT,  Gibbs  CJ.  Gaj- 
duack  DC  (1978):  Cellular  immunity  in  Guamanians 
with  amyotrophic  lateral  sclerosis  and  parkinsonism- 
dementia.  N  Engl  J  Med  299:680-683. 

Insel  T.  Ninaa  P.  Aloi  J,  Jimenoa  D.  Skolnick  P.  Paul 
S  (1984):  A  benzodiazepine  receptor  mediated  model 
of  anxiety:  Studies  in  noo-humaa  primates  and  clinical 
implications.  Arch  Gen  Psychiatry  41:741-750. 

Irwin  M.  Daniels  m.  Bloom  E.  Weiner  H  (1986):  Life 
events  and  natural  kilkr  cell  activity.  Psychophar- 
macoi  Bull  22:1093-1096. 

Irwin  M.  Daniels  M.  Smith  TL.  Bloom  E.  Werner  H 
( 1987a):  Impaired  natural  killer  cell  activity  during 
bereavement.  Brain  Behav  Immunity  1:98-104. 

Irwin  MR.  Vale  W,  Britton  KT  (1987b):  Central  coiti- 
cocroipin-releasing  factor  suppresses  natural  killer  cy¬ 
totoxicity.  Brain  Behav  Immunity  1:81-87. 

Itoh  K.  Suzuki  R.  U men  Y.  Hanauma  K,  Kumagai  K 
(1982):  Studies  of  murine  large  granular  lympho¬ 
cytes — n.  Tissue,  strain  and  aga  distribution  of  LGL 
and  LAL  /  Immunol  129:395-406. 

Jem  NK  ( 1953):  The  natural  adectiou  theory  of  anti¬ 
body  formation.  Proc  Nad  Acad  Sci  41:849. 

Jem  NK  ( 1974):  “The  immune  system:  A  Web  of  V- 
Domains  The  H*vey  Lectures."  New  York:  Aca¬ 
demic  Press. 

Johnson  AM.  Torres  BA.  Smith  EM.  Dion  LD.  Blalock 
JE  (1984):  Regulation  of  lymphokine  (interferon)  pro¬ 
duction  by  corticotropin.  J  Immunol  246-255. 

Judsoo  FN.  Penley  KA.  Robinson  ME.  Smith  JK  ( 1980): 
Comparative  prevalence  rates  of  sexually  transmitted 
diseases  in  heterosexual  and  homosexual  men.  Am  J 
Epidemiol  112:836-843. 

Kallenbach  H,  Malz  W  (1957):  Uber  den  einftuss  der 
Epipt  yse  auf  das  Wachstum  transplantaber  Impftu- 
moren.  Endokrinologie  34:293-295. 

Kamel  F.  Mock  EJ.  Wright  WW.  Frankie  AI  (1975): 
Alterations  in  plasma  concentrations  of  testosterone, 
LH,  and  prolactin  associated  with  mating  in  the  male 
rat.  Hormones  and  Behavior  6:277-288. 

Kiessling  R,  Wigzell  H  ( 1979):  An  analysis  of  the  murine 
NK  cell  as  to  structure,  function,  and  biological  rel¬ 
evance.  Immunol  Rev  44:165-208. 

Kovalevs  ES,  Bonartsev  PD.  Prilipko  LL  (1977):  Re¬ 
sponse  of  lymphocytes  of  patients  with  schizophrenia 


48 


Atom 


to  phytomitogens  coocanavalin  A  and  phytohemag- 
glutinin.  Bull  Exp  Biol  Med  84:1136-1139. 

Kunbayashi  1C,  GilliJ  S.  Ken)  DE.  Henney  CS:  (1981): 
Murine  NK  cell  cultures:  Effect  of  interleukin  2  and 
interferon  on  cell  growth  and  cytotoxic  reactivity.  J 
Immunol  126:2321-2327. 

Locke  SE.  Kraus  L.  Leserman  J.  DembinsJo  S.  Gardner 
R.  Carroll  B  (1983):  Life  change  stress,  psychiatnc 
symptoms,  and  natural  killer  cell  activity.  Psycho¬ 
somatic  Med  46:441-433. 

Ma  P.  Armstrong  D  feds)  (19840:  "The  Acquired  Im¬ 
mune  Deficiency  Syndrome  and  Infections  of  Ho¬ 
mosexual  Men.”  Yorke  Medical  Books,  New  York. 
NY. 

Marangos  P.  Patel  J.  Boulenger  IP.  Clark- Rosenberg  R 
(1982):  ChanctenzatxM  of  penpheral-cype  benzodi¬ 
azepine  binding  sites  in  brain  using  (]H1Ro  3-4864. 
Mol  Pharmacol  22:26-32. 

Marley  RJ,  Miner  LL.  Wehner  1M.  Collins  AC  (1986): 
Differencial  effects  of  central  nervous  system  depres¬ 
sants  in  long- sleep  and  short-sleep  mice.  J  Pharmacol 
Exp  Ther  238:1028-1033. 

Marley  RJ,  Wehner  1M  (1986):  GABA  enhancement  of 
flunitrazepam  binding  in  mice  selectively  bred  for  dif¬ 
ferential  sensitivity  to  ethanol.  Aicohal  Drug  Res  .  .25- 
32. 

Mathews  PM,  Cristopher  IF.  Wilmer  IS.  Bankhurst  AD 
(1983a):  Enhancement  of  natural  cytotoxicity  by  (3- 
endorphin.  J  Immunol  130:4-9. 

Mathews  PM.  Froehlich  CJ.  Sibbitt  WL.  Bankhurst  AD 
(1983b):  Enhancement  of  natural  cytotoxicity  by  B- 
endorphin,  i  Immunol  130:1658-1662. 

McDevitt  HO  (1980):  Regulation  of  (he  immune  re¬ 
sponse  by  die  major  histocompatibility  complex  sys¬ 
tem.  N  Engl  J  Med  303:1514-1517. 

McIntyre  TD.  Alpem  HP  ( 1985):  Reimerpre taboo  of  the 
literature  indicates  differential  sensitivities  of  long- 
sleep  and  short-sleep  mouse  lines  are  not  specific  to 
aicohal.  Psychopharmecoiogy  87:379-389. 

McIntyre  TD.  Alpem  HP  (1986):  Thiopental,  pheno- 
barbital,  and  chkxdiazepoxjde  induce  the  same  dif¬ 
ferences  in  narcotic  reaction  aa  ethanol  in  long-sleep 
and  short-sleep  selectively  bred  mice.  Pharmacol 
B  ioc hem  Bchav  24:895-898. 

McIntyre  TD.  Tniilae  R.  Skotnkk  P  ( 1988):  Differences 
in  the  biophysical  properties  of  the  benzodiaze¬ 
pine/GABA  receptor  chloride  channel  complex  in  long 
sleep  (LS)  end  short  steep  (SS)  mouse  lines.  J  Neu- 
rocbcm  51:642-647. 

Mineto  N,  Reid  L.  Cantor  H.  Bloom  RB  (1980):  Mode 
of  regulation  of  natural  killer  activity  by  interferoo.  J 
Exp  Med  132:124-135. 

MoingeonPH,  Bidart  JM.  AibericiC.  BohuonC(l983): 
Characterization  of  a  peripheral-type  benzodiazepine 
binding  site  on  human  circulating  lymphocytes.  Eur 
J  Pharmacol  92:147-149. 

Morrell  KM  ( 1979):  Antibody-dependent  cytotoxicity  in 
Huntington's  Disease.  Adv  Neurol  23:443. 


Ninan  P.  (nsel  T.  Cohen  R.  Cook  J,  Skolmck  P.  Paul 
S  (1982):  Benzodiazepine  receptor-mediated  etpen- 
mental  "anxiety”  in  primates.  Science  2 18: 1 332- 1 334. 

Nunn  ME.  Djeu  JY.  Glaser  M.  Lavnn  DH.  Herberman 
RB  (1976):  Natural  cytotoxic  reactivity  of  rat  lym¬ 
phocytes  against  syngeneic  Gross  virus-induced  lym¬ 
phomas.  i  Natl  Cancer  Inst  56:393-399 

Nunn  ME.  Herberman  RB,  Holden  HT  ( 1977):  Natural 
cell  mediated  cytotoxicity  in  mice  against  non- lym¬ 
phoid  tumor  ceils  and  some  normal  cells.  Int  J  Cancer 
20:381-389. 

Ostrowski  NL.  Kress  DW.  Hagan  AA.  Arora  PK  ( 1989): 
Sexual  behavior  suppresses  immune  function  Brain. 
Behavior  and  Immunity  (in  press). 

Petitto  JP.  Skotnkk  P.  Aron  PK  (1989):  Suppression 
of  natural  killer  cell  activity  by  die  benzodiazepine 
receptor  inverse  agonist.  FQ  7142.  Brain  Behav  Im¬ 
munity  (in  press). 

Phillips  TI.  Dudek  BJ  (1983):  Bicucul line -induced  sei¬ 
zures  in  mice  which  differ  in  sensitivity  to  ethanol.  J 
Neuroaci  Abatr  9:1240. 

Rasamuaaes  AF  (1969):  Emotion  and  immunity.  Ann 
NY  Acad  Sci  164:458-461. 

Raaamuaaeu  AF.  Spencer  ES.  Marsh  IT  (1959):  De¬ 
crease  in  susceptibility  of  mice  to  puasive  anaphylaxis 
following  avoidance-learning  stress.  Proc  Soc  Exp  Biol 
Med  100:878-879. 

Renoux  G,  Biziere  K.  Bardot  P,  Degcnne  D,  Renoux 
M  (1982):  NK  activity  in  mice  is  controlled  by  the 
brain  cortex.  Ik  Herberman  RB  (edk  “NK  Celia  and 
Other  Natural  Effector  Celia."  New  York:  Academic 
Press,  pp  639-643. 

Rjcardi  C.  Vote  BM.  Herberman  RB  (1982):  Regulation 
of  NK  precursor  cell  growth  in  TCGF  by  interferon 
and  T  cells:  A  limiting  dilutiou  analysis.  In  Herberman 
RB  (edik  “NK  Cdb  and  Ote  Namral  Effector  Ceils.  ” 
New  York:  Academic  Press,  pp  909-913. 

Riley  V.  Fitzmaurice  MA.  S packman  D  (1981):  "Psy- 
choneuroimmunotogy."  New  York:  Academic  Press. 
P  31. 

Rodin  AE  (1963):  The  growth  and  spread  of  Walker  256 
carcinoma  in  pincalectomized  rets.  Cancer  Res 
23:1545-1550. 

Rosenberg  SA.  Spiess  P,  Lafrenkre  R  (1986):  A  new 
approach  to  (he  adoptive  immunotherapy  of  cancer 
with  tumor- infiltrating  lymphocytes.  Science  233:1318- 
1321. 

Ruff  MR.  Pert  CB.  Weber  RJ.  Wahl  SM.  Paul  SM 
(1985):  Benzodiazepine  receptor  mediated  cheotaxis 
of  human  monocytes.  Science  229:1281-1282. 

Saxena  QB,  Saxena  RK.  Adler  WH  ( 1982):  Regulation 
of  natural  killer  activity  in  vivo— in.  Effect  of  hy- 
pophysectomy  and  growth  hormone  treatment  on  nat¬ 
ural  killer  activity  of  the  mouse  spleen  cell  population. 
Int  Arch  Allergy  Appl  Immunol  67:!69-!74. 

Sc  hie  if er  SJ,  Keller  SE.  Camerino  M.  Thornton  JC. 
Stein  M  (1983):  Suppression  of  lymphocyte  stimula¬ 
tion  following  bereavement.  JAMA  250:374-377. 


Neurotnoduiation  of  NK  Celia 


49 


Schoemaker  H.  Boles  R,  Horst  WU.  Yan^mur*  H  ( 1983): 
Specific  high-affinity  binding  sites  for  (JH]Ro  3-4864 
in  tat  brain  and  kidney .  J  Pharmacol  Exp  Ther  223.6 1  - 
69. 

Seaman  WE,  Blackman  MA.  Gindhart  TD.  Roubinia 
JR.  Loeb  JM.  Talal  N  ( 1978):  Beta-estradiol  reduces 
natural  killer  cells  in  mice.  J  Immunol  121:2193- 
2197. 

Shavit  Y.  Depaulis  A.  Martin  FC.  Term  an  GW,  Pech- 
mck  RN.  Zane  CY.  Gale  RP.  Liebeskmd  JC  (1986V. 
Involvement  of  brain  opiate  receptors  in  the  immune- 
suppressive  effects  of  morpmne.  Pnx  Natl  Acad  Sci 
USA  83:7114-7117. 

Shavit  Y.  Lewis  JW.  Terman  GW.  Gale  RP,  Liebeskind 
JC  (1984):  Opioid  peptides  mediate  the  suppressive 
effect  of  stress  on  natural  killer  ceil  cytotoxicity.  Sci¬ 
ence  223:188-190. 

Skolnick  P.  Paul  SM  1 1983):  New  concepts  in  the  neu¬ 
robiology  of  anxiety.  J  Clin  Psychiatry  44:12-19. 

Smith  HG.  Harmel  RP.  Hanna  MG.  Zwelling  BS.  Zbar 
B.  Rapp  HI  ( 1977):  Regression  of  established  infra- 
dermal  tumors  and  lymph  node  metastases  in  guinea 
pigs  after  sysh  mic  transfer  of  immune  lymphoid  cells. 
J  Nad  Cancer  Inst  38:1313-1322. 

Solomon  GF  ( 1969a):  Emotions,  stress,  the  central  ner¬ 
vous  system  and  immunity.  Int  Ann  NY  Acad  Sci 
164:333-337. 

Solomon  GF  (1969b):  Stress  and  antibody  response  in 
rats.  Int  Arch  Allergy  Appl  Immunol  33:97-99. 

Solomon  GF  ( 1981):  Immunologic  mechanisms  in  men¬ 
tal  illnesa.  In  Ader  R  (ed):  "Psychoneuroimmunol¬ 
ogy."  New  York:  Academic  Press,  pp  239-278. 

Solomon  GF.  Amkraut  AA  (1981):  Psychooeuroendo- 
crinoiogicai  effects  on  the  immune  response.  Anna 
Rev  Microbiol  33:135-184. 

Stavrala  KM.  Buck  CN.  Lou  JS.  Winklin  JM  (1968): 
Psychological  f acton  n  the  outcome  of  human  cancer. 
J  Psychosomatic  Res  12.231-129. 

Stein-  Werbeowsky  R  ( 1974):  The  sympathetic  nervous 
system  and  cancer.  Exp  Neurol  42:97-100. 

Stephens  O.  Kehr  W  ( 1983):  B-Catbolines  can  enhance 
or  antagonize  the  effects  of  punishment  in  rake.  Psy- 
chopharmacoiogy  83:143-147. 


Tallman  1.  Paul  S.  Skolnick  P.  Gallager  D  ( 1980).  Re- 
cepton  for  the  age  of  anxiety:  Moleculat  pharmacol¬ 
ogy  of  the  benzodiazepines.  Science  207.274-28 1 . 

Targan  S  (1981):  The  dual  interaction  of  prostaglandin 
Er  and  interferon  on  NK  lytic  activation:  enhanced 
capacity  of  effector-target  lytic  interaction  (recycling) 
and  blockage  of  pre  NK  cell  recruitment.  J  Immunol 
127:1424-1427. 

Tecoma  E.  Huey  L  (1983):  Psyehk  distress  and  the 
immune  response.  Life  Sci  36:1799-1812. 

Timoncn  T.  Ottaldo  JR,  Herberman  RB  ( 1982):  Analysis 
by  a  single  cell  cytotoxicity  assay  for  natural  killer 
cell  frequencies  among  human  large  lymphocytes  and 
the  effect  of  interferon  on  their  activity.  J  Immunol 
128:228-232. 

Trirchieh  GO.  Santoii  O.  Dee  RR.  Knowles  BB  ( 1978): 
Antiviral  activity  induced  by  culturing  lymphocytes 
and  tumor  derived  or  virus- transformed  cells:  Identi¬ 
fication  of  the  antiviral  activity  aa  interferon  and  char¬ 
acterization  of  the  human  effector  lymphocytes  sub- 
population.  J  Exp  Med  147:1299-1309. 

Usdon  E.  Skoinkk  P.  Tallman  J,  Greenblat  D.  Paul  S 
(eds)  (1982):  "Pfcraacoiogy  of  Benzodiazepines . " 
London:  McMillan  Presa,  Lad. 

Welsh  RM  (1987V  Natural  killer  cells  and  interferon. 
CRC  Crit  Rev  Immunol  3/1:55-93. 

Williams  RM,  Leiffer  J.  Moore  Ml  ( 1977):  Hybrid  effect 
in  natural  cell-mediated  cytotoxicity  of  SV-40  trans¬ 
formed  fibroblasts  by  rat  spleen  cells.  Transplantation 
23:283-286. 

Yron  1.  Wood  TA.  Spiesa  PI.  Rosenberg  SA  (1980):  In 
vitro  growth  of  murine  T  celts.  V.  The  isolation  and 
growth  of  lymphoid  cells  inflhndng  syngeneic  solid 
turnon.  J  Immunol  125:238-245. 

Zavala  F,  Haumoot  J.  Lenfant  M  (1985V  Interaction  of 
benzodiazepines  with  mote  mouse  macrophages.  Eur 
J  Pharmacol  106:561-566. 

Zavala  F,  Lenfant  M  ( 1987):  Peripheral  benzodiazepines 
enhance  the  respiratory  bunt  of  macrophage-like 
P338DI  cells  stimulated  by  arachadonk  acid.  Int  i 
[mraunopharmacoi  9/3:269-274. 


